This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



European Patent No. 0 956 876 Al 



B 


11 e E • 0 W B 


il 


M 26 2001 




RENAL LAW 





Job No.: 1084-83477 Ref.: DISPOSABLE CASSETTE & IN-LINE HEATING 

Translated from German by the Ralph McElroy Translation Company 
9 1 0 West Avenue, Austin, Texas 78701 USA 



EUROPEAN PATENT OFFICE 
EUROPEAN PATENT APPLICATION 
PATENT NO. 0 956 876 Al 



Int CI.*: 
Filing No.: 
Filing Date: 
Publication Date: 

Priority 

Date: 

Country: 

No.: 

Designated Contracting States: 
Designated Extension States: 



A 61 M 5/44 

991057712 

March 22, 1999 

November 17, 1999 
Patent Bulletin 1999/46 



April 1, 1998 
DE 

19814695 

AT, BE, CH, CY, DE, DK, ES, FI, 
FR, GB, GR, IE, IT, LI, LU, MC, 
NL, PT, SE 

AL,LT,LV,MK, RO,SI 



CASSETTE FOR CONVEYING FLUIDS, ESPECIALLY DIALYSIS FLUIDS 



Inventors: 



Applicant: 



Agents: 



Rainer Ddnig 
60489 Frankfurt, DE 

Wolfgang Schulz 
66606 St Wendel, DE 

Fresenius Medical Care Deutschland 
GmbH 

61350 Bad Homburg v.d.H., DE 

Dr. Dieter Laufhiitte, et al. 
Lorenz-Seidler-Gossel 
Widenmayerstrasse 23 
80538 Munich, DE 



2 

The present invention pertains to a cassette (1 0) for conveying fluids, especially dialysis 
fluids, with connector elements (2,4,6) for connecting solution bags and lines leading to the 
patient or the dialysis machine, with at least one conveyor chamber (20,20*) with inlet and outlet 
(22,22',24,24'), with lines (30,40,50,50') for carrying the introduced and conveyed fluids, while 
the walls of the lines (30,40,50,50*) are at least sectionally so designed that said lines 
(30,40,50,50') can be closed by applying pressure thereto. Heating of the fluids is possible in that 
an area is provided inside the cassette that can be heated by a healing device outside the cassette. 

The invention further pertains to a dialysis machine, especially for accomplishing 
peritoneal dialysis and blood and plasma filtration procedures, with a device for holding a 
cassette (10) according to the invention as well as a pump unit for actuating the conveyor 
chambers (20, 20')- Contained within the dialysis machine is a heating device, which is located in 
the vicinity of the device for holding the cassette (10). 




Description 
[0001] 

The present invention pertains to a cassette for conveying fluids, especially dialysis 
fluids, with connector elements for connecting solution bags and lines leading to the patient or 
the dialysis machine, with at least one conveyor chamber with inlet and outlet and with lines for 
carrying the introduced and displaced fluids, while the walls of the lines are at least sectionally 
so designed that said lines can be closed by applying pressure thereto. The present invention 
further pertains to a dialysis machine for holding the cassette for conveying fluids, especially 
dialysis fluids, as well as a process for conveying, equalizing, dosing and heating a medicinal 
fluid. 



[0002] 

Generic cassettes for conveying fluids, especially dialysis fluids, are known from 
WO 97/09074 and are routinely used as exchangeable articles in dialysis machines. Here the 
cassettes fulfill ihe function of a medium-separated conveyor of the dialysis fluid. The conveyor 
chamber in the cassette is pneumatically driven by a competent drive unit of the dialysis 
machine. The employment of a mechanically or hydraulically driven conveyor chamber is also 
possible. The conveyor chamber has a membrane, which is moved by the drive unit and ensures 
a separation between the media to be displaced and the working medium of the dialysis machine. 
Regulation of the flow of the fluid in the cassette is accomplished by means of pneumatically 
controlled valves. In order to heat the dialysis fluid to the desired temperature for delivery to the 
patient and to maintain it at this level to the patient, WO 97/09074 discloses trays on which the 
solution bags are placed during the dialysis. The trays are heated, e.g., by heating cartridges that 
are themselves regulated by a control unit. 

[0003] 

With such an arrangement it is disadvantageous that the heating of the dialysis fluids is 
not uniform due to the one-sided positioning on the heating trays and is associated with 
considerable loss of heat. Furthermore, a separately provided heating stage is necessary, which 
commensurately increases the cost of the dialysis machine. 

[0004] 

It is the objective of the present invention to create a device with which the heating and 
the delivery of fluids, especially dialysis fluids, can be effectively and simply accomplished 

[0005] 

Proceeding from a cassette of the generic type, this objective is realized in that at least 
one area is provided in the cassette, in which the lines are so arranged that the medium contained 
in the lines can be heated to a predetermined desired temperature by a heating device located 
outside the cassette. The cassette according to the invention has the advantages that the 
component tasks of delivery, dosing/equalizing, mixing, metering, correcting and heating of 
medicinal fluids are combined or can be resolved in one unit. This results in a significant relief in 
the operating of the system and an improvement of the prevention of eixors due to 
minimalization of the risk-related working steps. The thoroughly medium-separated connection 
of the cassette according to the invention permits a sterile conduct of the procedure and thus 
reliably eliminates the danger of infection. 



4 



[0006] 

According to one preferred configuration of the present invention, the cassette 
encompasses a basic body as well as one or more films at least partially covering the basic body, 
which are joined to the basic body, while the waJIs of the lines and the conveyor chambers are 
formed by the basic body and the films. In the area of the conveyor chambers, the appropriately 
expanded film serves as the membrane, which is moved in the conveyor chamber by a piston 
pump, e.g., in keeping with the desired rate of delivery. The lines of the cassette, which serve to 
direct the flow of the fluid, are also delimited by the basic body and the film covering it. Here it 
is possible that only one wall of the lines, or also several walls, [is/]are formed by films. 

[0007] 

An additional configuration of the present invention provides that the film extends on 
both sides of the basic body. This is particularly advantageous in the area pf the cassette in which 
the lines are so arranged that the medium in the lines can be heated to a prescribed desired 
temperature by a heating device located outside the cassette. In this case it is possible, 
commensurate with the two-sided use of the film, for both sides of the cassette and therefore the 
medium flow being displaced to be effectively heated. 

[0008] 

It is especially advantageous when one side of the basic body is completely covered with 
a film. In this case the film serves as an elastic membrane in the area of the conveyor chambers, 
which, on the one hand, effects the delivery of the dialysis fluid, e.g., and on the other hand; 
facilitates a separation of the media. In the area of the lines, the film forms one of the walls and 
makes possible an especially favorable and effective transfer of heat to the medium inside the 
line. 

[0009] 

The production of the cassette is also simplified in this case, since the basic body merely 
has depressions or recesses for forming the conveyor chambers and is ultimately lined with a 
film according to the invention, whereby the depressions are converted into conveyor chambers 
and the channels in the basic body become lines. The film can be comparatively simply applied 
by molding or gluing onto the basic body. 
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[0010] 

According to one preferred configuration of the present invention, two conveyor 
chambers are provided. Then it is possible, with alternating actuation of the conveyor chambers 
by an appropriately attuned drive unit, to achieve a relatively uniform flow through the cassette 
and to the dialysis machine and the patient. It is equally possible, with appropriate separation of 
the conveyor chambers, for one of the conveyor chambers to be used for the high pressure range 
and another, e.g., for the vacuum or low pressure range. Both conveyor chambers can be 
delimited by the basic body in the cassette as well as by the film applied thereto. Control of the 
flow of the medium through the cassette or a comparable activation of the conveyor chambers is 
achieved according to the invention in that the walls of the lines are at least sectionally designed 
so that the lines can be closed by applying pressure to the walls. This pressure can be applied, 
e.g., pneumatically or mechanically by means of valve tappets. 

[0011] 

In an additional configuration of the present invention, provision is made for the lines to 
be arranged spirally at least in the heatable part of the cassette. This results in the advantage that 
a relatively large length of line is arranged in a comparatively small area of the cassette, which 
permits an especially effective heating of the medium in the lines. In addition to a spiral 
arrangement, other configurations are conceivable, which are always especially effective when 
the ratio of the length of the line to the space required therefore increases, similarly when a 
turbulent flow is realized even with lower rates of flow. 

[0012] 

It is particularly advantageous when areas with spirally arranged lines extend along both 
sides of the basic body. This makes it possible for the fluid to be heated on one side of the 
cassette using an appropriately arranged heating device and for it then to be held at the desired 
temperature on the other side or heated further as required. 

[0013] 

The areas on different sides of the basic body can be connected together with a bore 
located in the basic body. Then it is possible for the media to be initially directed to one side of 
the basic body and heated and then passed through the bore to the other side and further heated, 
which is especially effective when the lines on both sides are spirally arranged. 
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[0014] 

According to a preferred configuration of the present invention, the basic body consists at 
least in part of plastic. The fabrication of the basic body from plastic has the advantage that it can 
be produced, e.g., by injection molding simply and especially in many conceivable designs. 

[0015] 

It is especially advantageous when the basic body is equipped with holders for mounting 
measurement recorders, in particular holders for mounting sensors for temperature and pressure 
as well as flow rate can be mounted on the basic body. For example, the temperature sensors can 
determine the temperature of the dialysis solution inside the film and relay the readings to an 
evaluation unit For regulating to a desired temperature range, either the delivery rate through the 
heated lines or the heat output at constant delivery rates can be varied. 

[0016] 

According to one preferred configuration of the present invention, a line leading to the 
patient and a drainage tube are provided, which are permanently connected to the cassette. This 
cassette is fabricated with these lines, while the installation of the other connected elements is 
decided and accomplished by the operator in agreement with the dialysis procedures ordered. 

[0017] 

The invention further pertains to a dialysis machine, especially for accomplishing 
peritoneal dialysis and blood and plasma filtration procedures, with a recess or a device for 
holding a cassette according to one or more of Claims 1-10 as well as a pump unit for actuating 
the conveyor chambers of the cassette. For heating the cassette according to the invention a 
heating device is provided, which is located in the vicinity of the recess or device for holding the 
cassette. According to the invention, it is then always possible to use a new cassette for each 
patient, which [cassette] is inserted into the dialysis machine or mounted thereon in an 
appropriate manner. The medium-separated connection of the cassette to the dialysis machine 
makes possible sterile conduct of the procedure and ensures aseptic conditions even when the 
dialysis machine is used for several patients. Danger of infection is thus effectively precluded, so 
that the cassette is advantageously designed to be disposable and not suitable for reuse following 
one-time utilization. 

[0018] 

Altogether, a simple, reliable and effective dialysis system results, in which Ihe operator, 
following input of the desired reference values, must merely position the cassette in the recess or 



the device provided therefore and connect the necessary lines. A separate arrangement of heating 
devices or elements is not necessary. 

[0019] 

In an additional configuration of the present invention, provision is made for the heating 
device to have electric conductive sheet-type heating elements. This is especially advantageous 
when the cassette has flat surfaces containing, e.g., spirally arranged lines. In this case, an 
especially effective heating of the media flowing through the lines is possible. 

[0020] 

The heating device can extend on both sides of the recess or device for holding the 
cassette, so that the cassette is beatable on both sides. In this case, an effective heating of the 
media to the desired temperature can be realized in relatively little space even at high flow rates. 

[0021] 

The present invention also pertains to a procedure for conveying, equalizing, metering 
and heating a medicinal fluid, in which a fluid is fed through lines and at least one conveyor 
chamber and simultaneously charged with thermal energy. This provides a process that is simple 
to cany out, in which, e.g., the component tasks of delivery, dosing/equalizing, mixing, 
metering, connecting and heating of medicinal fluids can be combined or resolved in a compact 
manner. 

[0022] 

It is especially advantageous when the fluid is first passed through the conveyor 
chambers and then heated in an area encompassing the lines. However, it is also possible for the 
beating to take place first or exclusively in the conveyor chambers. The heating of the fluid in the 
lines has the advantage that with favorable arrangement of the lines in a comparatively small 
area a great length of the lines can be realized. This makes it possible for the fluid to be 
purposefully and effectively heated even with high flowthrough rates. 

[0023] 

The heating can take place in an area where the lines are spirally arranged. This results in 
an especially favorable ratio of line length per unit of area, wherewith an especially effective 
heating is possible. 
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[0024] 

In an additional configuration of the invention, provision is made for the fluid to be first 
passed through at least the single conveyor chamber of a cassette provided for the delivery, 
equalization, metering and heating of the fluid, then heated in lines on one side of the cassette 
and moved to the other side of the cassette and again heated in lines located there. This makes it 
possible, by virtue of the relatively great length of the lines extending on both sides of the 
cassette in such an arrangement, to achieve an adequate heating of the fluid even at high 
flowthrough rates. 

[0025] 

Additional advantages and details of the present invention are explained in greater detail 
with references to an embodiment example illustrated in the drawing. This depicts: 

Figure 1, a perspective illustration of a cassette according to the invention with two 
conveyor chambers and with areas for heating the conveyed fluid. 

[0026] 

Figure 1 depicts the cassette (10) according to the invention, which is designed to be 
disposable and can be inserted into an appropriately configured recess or receiver of a dialysis 
machine. The reference numbers (2,4,6) identify connector elements for connecting solution bags 
and lines leading to the patient or the dialysis machine or also drainage lines. Securely connected 
at the connectors (4) and (6) are two (undepicted) lines, of which one represents the line to the 
patient and the other the drainage line. The connector elements (2) arc for the connections to be 
made by the operator, e.g., from solution bags or other medication containers. 

[0027] 

The cassette (10) encompasses the basic body (12), which is made of plastic and can be 
fabricated in the injection molding or the deep-draw process. Extending in the basic body (12) 
are recesses and channels, which partially form the walls of the two side-by-side conveyor 
chambers (20*20*) as well as the lines (30,40,50,500 located in the cassette. The lines leading out 
from the connector elements (2) as well as the inlets (22 : 22') and the outlets (24,24') of the 
conveyor chambers (20,20*) are also formed in part by the basic body (12). 

[0028] 

Above the side of the basic body (12) depicted in Figure 1 and extending over the entire 
surface is a film (60), which is molded onto the basic body (12). The film (60) forms the limits of 
the channels and depressions formed in the basic body (12), whereby, e.g., the lines 
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(30,40,50,500 and the conveyor chambers (20,20") are also delimited. The inlets (22,22') and the 
outlets (24,24-) of the conveyor chambers (20,20') are also delimited by the film (60) on one side. 

[0029] 

In the areas (1 00,1 00 1 ) indicated above the conveyor chambers (20,200 in Figure 1, the 
lines (50,50") are so arranged that the medium inside the lines (50,50') can be heated to a 
predetermined desired temperature by a heating device outside the cassette (10). Here the lines 
(50,50") extend along both the upper side (lines 50) and the lower side (lines 50') shown in 
Figure 1. 

[0030] 

The control of the introduced or conveyed media is accomplished in such a way that the 
walls, e.g., of the lines (30, 40, 50, 50 1 ) as well as the inlets (22, 22') and the outlets (24, 240 of 
the conveyor chambers (20,200 can be closed by applying pressure to the walls. This pressure 
can be applied, e.g., pneumatically, hydraulically or mechanically by valve tappets, which are 
activated by a control unit of the dialysis machine. 

[0031] 

The connection of solution bags and other medication containers is made at the connector 
elements (2) shown in Figure 1, which also have a contact protector. With appropriate valve 
settings, the introduced media are fed via the inlets (22,220 into the conveyor chambers (20,200 
and then pumped out of the conveyor chambers (20,20') by the movement of the film (60) 
effected by the drive unit of the dialysis machine. This talces place through the outlets (24,240 
which come together and then open into a first section of the line (50). The conveyed medium 
then flows through the line (50) in the area (1 00) on the upper side and is there heated by a 
conveniently located heating device of the dialysis machine. In the end section of the spiral line 
(50) there is an (undepicted) bore that forms a connection to the area (1000 on the lower side of 
the basic body (12). Accordingly, the medium flows through this bore to the other side of the 
basic body (12) and into the spiral line (500, where further heating can take place. Subsequently, 
the heated fluid leaves the cassette (10) of the invention via connector (4) or the line connected 
thereto and makes its way to the patient or the dialysis machine. 

[0032] 

The cassette according to the invention and the dialysis machine according to the 
invention are suitable for use in peritoneal dialysis as well as in blood and plasma filtration. 
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Commensurately, employment in peritoneal systems and systems with extracorporeal blood 
circulation is possible. 

[0033] 

The geometry of the lines according to Figure 1 facilitates a simple control of the media 
by closing the lines, e.g., with connected valve tappets, whereby flawless functioning is made 
possible in both the upper and the lower pressure ranges. Heating of the areas (100,1 00') ensues 
on both the upper and the lower sides by means of (e.g., ohmic) electric conductive sheet-type 
heating elements. The geometry of the lines (50,50 f ) is specially optimized for a good heat 
transfer with simultaneously low valve losses. Despite high surface power density (e.g., 
approximately 5 W/cm 2 ), the surface temperatures of the heating elements remain low (<100°C). 
This keeps the demands of the temperature stability of the film (60) and the basic body (12) low. 

[0034] 

In automatic peritoneal dialysis, the lines (40) and (30) can be used, e.g., for fresh 
dialysis solutions or for used dialysate. 

[0035] 

With the combination of medium-separated delivery characteristics and the favorable 
heating characteristics, the cassette or the dialysis machine according to the invention can be 
used to advantage in automatic peritoneal dialysis (APD) and in diverse blood and plasma 
filtration procedures (universal HDF [hemodiafiltration), CWHF [continuous veno-venous 
hemofiltration], CWHDF [continuous veno-venous hemodiafiltration], PF [plasma filtration], 
etc.) as well as in adsorber applications with extracorporeal blood circulation. 

Claims 

1 . Cassette (1 0) for conveying fluids, especially dialysis fluids, 

with connector elements (2,4,6) for connecting solution bags and lines leading to the 
patient or the dialysis machine; 

with at least one conveyor chamber (20,20') with inlet and outlet (22,22*,24,24*); 

with lines (30,40,50,50*) for carrying the introduced and conveyed fluids, while the walls 
of the lines (30,40,50,50*) are at least sectionally so designed that said lines (30,40,50,50*) can be 
closed by applying pressure to the walls, characterized in that 

at least one area (100,100') is provided in the cassette (10), in which the lines (50,50*) are 
so arranged that the medium inside the lines (50,50*) can be heated to a predetermined desired 
temperature by a heating device outside the cassette (10). 
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2. Cassette (10) according to Claim 1 , characterized in that the cassette (10) encompasses 
a basic body (12) and one or more films (60) molded onto and at least partly covering the basic 
body (12), while the walls of the lines (30,40,50,50*) and the conveyor chambers (20,20') are 
formed by the basic body (1 2) and the films (60). 

3. Cassette (i0) according to Claim 2, characterized in that the film (60) extends on both 
sides of the basic body (12). 

4. Cassette (10) according to Claim 2 or 3, characterized in that one side of the basic 
body (12) is completely covered with a film (60). 

5. Cassette (10) according to one or more of Claims 1-4, characterized in that two 
conveyor chambers (20,20*) are provided. 

6. Cassette (10) according to one or more of Claims 1-5, characterized in that the lines 
(50,50") are spirally arranged at least in the beatable area (1 00,1 00). 

7. Cassette (10) according to Claim 6, characterized in that areas (100,100') with spirally 
arranged lines extend along both sides of the basic body (12). 

8. Cassette (1 0) according to Claim 7, characterized in that the areas (1 00,1 00*) on 
different sides of the basic body (12) are connected by a bore in the basic body (12). 

9. Cassette (1 0) according to one or more of Claims 2-8, characterized in that the basic 
body (12) consists at least in part of plastic. 

10. Cassette (10) according to one or more of Claims 2-9, characterized in that the basic 
body (12) has holders for mounting measurement recorders. 

11. Cassette (1 0) according to one or more of Claims 1-10, characterized in that a line 
leading to the patient and a drainage line are provided, which are permanently connected to the 
cassette (10). 

12. Dialysis machine for accomplishing peritoneal dialysis and blood and plasma 
filtration procedures, with a recess or device for holding a cassette (10) according to one or more * 
of Claims 1-1 0 and with a pump unit for actuating the conveyor chambers (20^0) of the cassette 
(10), characterized in that 

a heating device is provided, which is located in the vicinity of the recess or device for 
holding the cassette (1 0). 

13. Dialysis machine according to Claim 12, characterized in that the heating device has 
electric conductive sheet-type heating elements- 

14. Dialysis machine according to Claim 12 or 13, characterized in that the heating 
device extends on both sides of the recess or device for holding the cassette (10) in such a way 
that the cassette (10) can be heated on both sides. 

15. Process for conveying, equalizing, metering and heating a medicinal fluid, 
characterized in that 
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a fluid is fed through lines (30,40,50,50') and at least one conveyor chamber (20,20') and 
is simultaneously charged with thermal energy. 

16. Process according to Claim 1 5, characterized in that the fluid is first passed through 
the conveyor chambers (20,20) and then heated in an area (100,100') containing lines (50,50"). 

17. Process according to Claim 16, characterized in that the heating takes place in an area 
(1 00,1 00), in which the lines (50,50) are spirally arranged. 

18. Process according to one or more of Claims 15-17, characterized in that the fluid is 
first passed through at least one conveyor chamber (20,20) of a cassette (10) provided for the 
delivery, equalization, metering and heating of the fluid and then heated in lines (50) located on 
one side of the cassette (10), whereupon a transfer of the fluid to the other side of the cassette 
(10) and further heating in lines (50) located on this side of the cassette (10) ensue. 
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